Objective: To explore whether the lifetime cumulative number of menstrual cycles, as an index for total exposure to endogenous estrogens, and the number of menstrual cycles until a first full-term pregnancy (FFTP), are associated with breast cancer risk in postmenopausal women.
Introduction
Although breast cancer is the most common cancer in women worldwide, its causes are not fully understood. Epidemiologic studies show that hormonal factors play a key role. However, the biological mechanisms and possible interaction among risk factors is not yet clearly sufficiently unraveled.
It has been well established that reproductive characteristics are important risk factors for breast cancer (1) . Both young age at menarche and late menopause increase breast cancer risk. This could be explained by an increased number of ovulatory cycles and thus exposure to high estrogen levels for a longer period (2) . Studies that considered both age at menarche and at menopause have found an increase in breast cancer risk with longer lifetime menstrual activity (3) (4) (5) .
Childbearing and young age at first full-term pregnancy (FFTP) protect against breast cancer and additional pregnancies further reduce the risk. It has been hypothesized that the overall effect of parity is due to a protective effect of young age at FFTP (6) , a likely explanation is that as a result of the action of the hormones during pregnancy, breast epithelial cells undergone differentiation, making them less vulnerable to the effect of carcinogenesis (7) . Therefore, according to some authors, the period between menarche and FFTP may be important for breast cancer etiology (6, 8) . Some studies have shown an increased risk for the development of breast cancer during and immediately after pregnancy, which has been attributed to the exposure to high levels of estrogen and progesterone. However, after a postpartum period of 10 to 15 years, long-term protection is observed (9) .
Breast-feeding has long been hypothesized to protect against breast cancer. Lactation induces final differentiation of the terminal duct epithelium, which makes it relatively insensitive to hormonal stimulation (10) . Breast-feeding delays the return of ovulation after pregnancy and is associated with a different hormonal milieu (e.g., increased prolactin) which diminishes the breast's exposure to estrogens (11) .
The ''lifetime cumulative number of menstrual cycles'' may be used as an index that summarizes all the previously mentioned reproductive risk factors. It takes into account determinants that might be relevant when considering the breast's exposure to hormones, such as age at which menstrual cycles became regular, regularity pattern, pregnancies, oral contraceptive (OC) use, and lactation. Although one previous study has shown that women with a larger lifetime cumulative number of menstrual cycles are at increased risk for breast cancer, this observation has thus far not been confirmed (12) .
We studied the relation between reproductive characteristics, summarized as the lifetime cumulative number of menstrual cycles and breast cancer risk in naturally menopausal women. Because of the postulated importance of the period between menarche and the FFTP in breast cancer etiology, the number of cycles within this period was also considered in parous participants. The aim was to determine whether the lifetime cumulative number of menstrual cycles and the ''number of menstrual cycles until FFTP'' are associated with breast cancer risk.
Materials and Methods
The Prospect-European Prospective Investigation into Cancer and Nutrition study is one of the two Dutch cohorts participating in the European Prospective Investigation into Cancer and Nutrition, a multicenter prospective study carried out in 23 centers from 10 European countries (13) .
A detailed description of the study population and data collection of the Prospect-European Prospective Investigation into Cancer and Nutrition study has been published elsewhere (14) . Briefly, 17,357 women ages 49 to 70 years, residing in Utrecht and its surroundings were recruited through a regional, population-based, breast cancer -screening program between 1993 and 1997. Baseline characteristics were collected based on two self-administered questionnaires (regarding lifestyle and nutrition). The lifestyle questionnaire contains information on demographic characteristics, family history, past and current morbidity, reproductive history (gynecologic and obstetric), smoking habits, and physical activity. The nutrition questionnaire is aimed at capturing the habitual diet during the year preceding enrollment. In addition, pulse rate, blood pressure, and anthropometric measurements (height, weight, and waist and hip circumference) were taken. Blood (30 mL) was drawn and stored at À196jC (14) . All women signed a written informed consent; the Institutional Review Board of the University Medical Center Utrecht approved the study.
From all postmenopausal Prospect-European Prospective Investigation into Cancer and Nutrition participants (12, 817) , only those who underwent natural menopause were eligible for the present study (n = 6,718) because only in them we had reliable information about ovarian activity not masked by the absence of menstrual cycles due to hysterectomy. Natural menopause was defined as the complete cessation of menstrual bleeding for 12 months preceding enrollment due to natural causes (according to self-report). Women with previous history of breast cancer were excluded (n = 121) as well as 566 participants with incomplete information to compute the lifetime cumulative number of menstrual cycles. Together, there were 6,031 (90%) eligible participants.
Cumulative Number of Menstrual Cycles. The lifetime cumulative number of menstrual cycles was computed from age at first menstrual period to age at menopause. For parous women, the number of menstrual cycles before FFTP was also estimated. Ages at menarche, at menopause, and at FFTP were recorded as continuous variables. Age at regularization of cycles was computed according to the time between menarche and the establishment of regular periods (immediately after menarche, after 1, 2, 3, 5, or 10 years, after FFTP or never regular). The regularity pattern was defined categorically as 24-, 26-, 28-, 30-, and 32-day cycles, or always irregular. Information about OC use included age at start, number of years of use, and age at last use. Data about number of and age at each pregnancy, stillbirth, miscarriage and abortion, if any, were available, as well as the number of weeks of breastfeeding for each pregnancy.
We took all previously mentioned variables into account when computing the lifetime cumulative number of menstrual cycles, considering that each pregnancy resulted in an absence of cycles for a period of 36 weeks, a stillbirth and absence for 28, and any miscarriage or abortion and absence of cycles for 12 weeks. We assumed that lactation results in a 6-week absence of cycles (15) . Menstrual cycles due to OC use were computed as a 28-day duration (see Appendix 1) .
Considering that irregular cycles are a combination of long and short menstrual periods, the number of irregular cycles was computed according to each participant's regularity pattern; the total number of irregular years was recorded to make further adjustments. However, the number of menstrual cycles was impossible to compute in those participants who reported always having irregular menstrual cycles or never having regular periods; therefore, we added the ''always irregular'' category as such in the analysis.
The cohort data were linked to the databases of the municipal registries to ascertain the vital status of all participants and to obtain information about subjects who moved from the region or emigrated abroad. The end point for the study was the diagnosis of primary breast cancer. Until July 2003, 168 cases were identified through record linkage with the Comprehensive Cancer Center Middle Netherlands.
For participants with breast cancer, follow-up ended at the date of diagnosis, for women who left the region or country, the censoring date was the date of emigration, for those who died, follow-up was censored at the date of death. For all others, the censoring date was July 1, 2003.
Data Analysis. The lifetime cumulative number of menstrual cycles and the number of menstrual cycles before FFTP were analyzed as categorical variables (irregular, 25th, 50th, and 75th percentiles). Cox proportional hazard analysis was carried out using follow-up as time scale; the lowest category of number of menstrual cycles was used as reference. Crude and adjusted hazard ratios (HR) for breast cancer are presented, together with 95% confidence intervals (95% CI). We adjusted for potential confounding variables, including age at enrollment, body mass index at examination as a continuous variable, >1 year of irregular cycles (y/n), mother or sister with history of breast cancer (y/n), use of hormone replacement therapy ever (y/n), ever married (y/n), fertility consult ever (y/n), and education level. For analyses of lifetime cumulative number of menstrual cycles, the regression variable for age at first childbirth was centered around its mean and multiplied by parity (y/n), making it possible to include both potential confounders simultaneously into the model (16, 17) . Further adjustment for smoking habits, ever OC use, and number of years of OC use did not materially changed the results; thus, these variables were not included in the final model.
Trend tests were done by introducing the lifetime cumulative number of menstrual cycles or the number of menstrual cycles before FFTP categories as numerical variables and testing the significance of the models' linearity (Wald's test). Because there is no clear natural hierarchy, the always irregular category was not included when testing for trends. The SPSS statistical package for WINDOWS, version 11.5, was used for all statistical analyses, and all tests were two sided.
Results
Mean age of this cohort of postmenopausal women was 59.5 years old at baseline, with a mean age at menarche of 13.5 years and at menopause of 49.5 years. The women were followed for a total of 46,746 person-years, with a median follow-up of 7.9 years. Among the 6,031 participants eligible for this study, 168 (2.8%) were newly diagnosed with breast cancer, 206 (3.42%) were diagnosed with other types of cancer, 240 (3.98%) participants died, and 137 (2.27%) emigrated or were lost to follow-up. A total of 5,654 (87.55%) participants were alive and free from cancer at the end of follow-up (July 1, 2003). Table 1 presents general characteristics of the Prospect-European Prospective Investigation into Cancer and Nutrition participants included in this study, and Table 2 shows some characteristics related to menstrual and reproductive function, indicated according to the lifetime cumulative number of menstrual cycles category. The participants who had the highest lifetime number of menstrual cycles tended to have a higher educational level, a younger age at menarche, a later menopause, an older age at FFTP, a smaller number of live born children, and shorter menstrual cycles compared with the participants in the other categories. Furthermore, women with the highest number of menstrual cycles tended to be nulliparous more often and have more frequently breast cancer in their family.
The median number of lifetime menstrual cycles for the study population, after excluding those participants in the always irregular category (in whom the number of menstrual cycles was impossible to compute) was 456.7 cycles, corresponding to 35.1 years of menstrual activity if considering an average of 13 cycles per year. Table 3 presents the crude and adjusted risk estimates between the lifetime cumulative number of menstrual cycles and breast cancer. Compared with participants with fewer than 415 cycles (31.9 years of menstrual activity), the fully adjusted HR of breast cancer for the always irregular participants, the women with a lifetime number of menstrual cycles between 416 and 453 (equivalent to 32-34.8 years of menstrual activity), the participants with 454 to 490 (corresponding to 34.9-37.7 years of menstrual activity), and those with >491 menstrual cycles (>37.8 years of menstrual activity) was 1.11 (95% CI, 0.56-2.l9), 1.88 (95% CI, 1.14-3.12), 1.74 (95% CI, 1.05-2.87), and 1.80 (95% CI, 1.09-2.96), respectively (P trend = 0.053). Inclusion of the reproductive terms parity and age at first childbirth (model e) did not change the effects of number of menstrual cycles (models c and d).
The median number of menstrual cycles before FFTP for the parous participants, also excluding the women in the always irregular category, was 146.8 (f11.2 years of menstrual activity). Table 4 shows the relationship between the number of cycles before FFTP and breast cancer risk computed for the 5,130 parous women in the study. Using as a reference the category V118 cycles (corresponding to 9 years of menstrual activity), the fully adjusted HR of breast cancer for the always irregular group, for those participants with 119 to 147 cycles (corresponding to 9.1-11.3 years of menstrual activity), those with 148 to 185 cycles (equivalent to 11.414.2 years of menstrual activity), and the participants with >186 cycles before FFTP (equivalent to >14.3 years of menstrual activity), was 0.72 (95% CI .35-1.46), 1.21 (95% CI .75-1.96), 1.14 (95% CI .66-1.95), and 1.27 (95% CI .77-2.08), respectively (P trend = 0.407).
Discussion
The results of the present study show that women with a larger lifetime cumulative number of menstrual cycles have a significant higher risk of breast cancer. Although not significant and of lesser magnitude, the observed risk estimates for the number of cycles before FFTP show the same behavior. As can be seen in Table 3 , the effect of lifetime cycles seems an effect of the lowest category versus the other three, without a clear linear gradient in risk. Although the P trend is borderline significant, the data seem to show more of a threshold effect than a linear relationship. However, finding where the exact threshold is for number of cycles is not easy. Even in this population of large size, the number of breast cancer events is too limited to precisely pinpoint where the risk is increasing. If numbers in the future increase, empirical or statistical methods, such as splines, may help in finding the threshold value.
To appreciate these findings, some strengths and limitations of our study need to be addressed. The main advantages of this study are its prospective nature, the large sample size, and the completeness of the risk factors data. The fact that participants were recruited through an existing populationbased breast cancer screening program allowed us to include only disease-free participants at enrollment. Finally, the completeness of the Comprehensive Cancer Center Middle Netherlands provided detailed information about any cancer diagnosis and vital status and lowered the proportion of subjects who were lost to follow-up.
It is important to mention that the data we used for the present study are derived from self-administered questionnaires that were filled in at enrollment, long before the diagnosis of breast cancer was made; thus, the answers could not have been influenced by symptoms or awareness of the disease. However, as we used information about past events in each participant's life to compute the lifetime number of menstrual cycles and the number until FFTP, misclassification may have occurred. However, given the prospective nature of our design, if recall errors exist, they would be nondifferential, causing if anything a dilution of our risk estimates. When computing the number of menstrual cycles we made assumptions about the duration of amenorrhea associated with periods of pregnancy, abortion, miscarriage, stillbirth, and lactation, even if these assumptions could lead to some misclassification of the exposure, it also would be nondifferential.
The patterns of risk associated with reproductive history suggest that prolonged exposure to ovarian hormones increases breast cancer occurrence (18) . However, only a few epidemiologic studies have tried to combine different reproductive characteristics (as a proxy for ovarian activity) and breast cancer risk (4, 5, 12) . The methodology in the prospective study by Clavel-Chapelon et al. (12) was similar to ours. However, for the computations of the number of menstrual cycles, they assumed an irregular cycle to be equivalent to one of two cycles and we assumed that an irregular cycle was equivalent to the usual regularity pattern of each participant. We did this, considering the variation of the human menstrual cycle and that irregularity is characterized by a combination of long and short cycles (19, 20) . In addition, we further adjusted for the absence or presence of irregular periods for >1 year. It is important to mention that computing the number of irregular cycles as one of two or as two of one did not materially change our results (data not shown).
The previously mentioned study included participants who underwent natural as well as surgical menopause, whereas ours only included the former. Another important difference is that they included premenopausal participants, whereas we only included postmenopausal women, which allowed us to compute a reliable estimate of the lifetime number of menstrual cycles. Because of smaller numbers in our study and because we computed the number of menstrual cycles in a slightly different way, we chose different cutoff levels than Clavel-Chapelon et al. did in their study to obtain a more stable reference category. However, when using the same cutoff levels (V 403 as a reference and compared with 404-411, 442-480, 481-520, and z521 menstrual cycles), our risk estimates showed a similar *Adjusted for age at enrollment, mother or sister with breast cancer (y/n), body mass index, >1 year of irregular years (y/n), hormone replacement therapy ever (y/n). cAdjusted for age at enrollment, mother or sister with breast cancer (y/n), body mass index, >1 year of irregular years (y/n), hormone replacement therapy ever (y/n), ever married (y/n), infertility consult ever (y/n), and educational level. bAdjusted for age at enrollment, mother or sister with breast cancer (y/n), body mass index, >1 year of irregular years (y/n), hormone replacement therapy ever (y/n), ever married (y/n), infertility consult ever (y/n), educational level, and parity and age at first childbirth (centered around its mean and multiplied by parity). (12) . In our study, an attempt was made to examine subgroups of never OC users, obese participants, and nulliparous women. However, due to the limited number of cases, no reliable estimates could be obtained. Despite certain differences in methods, and risk estimates of different magnitude, our results are consistent with previous publications addressing this topic (4, 5, 12) showing that there is an increase in breast cancer risk with an increasing number of menstrual cycles. Collectively, these findings suggest that the number of menstrual cycles during lifetime has a greater risk impact than the number until FFTP. This supports the view that breast's susceptibility to hormones is not of a greater importance during the first reproductive years when the breast epithelial cells are not fully differentiated yet. The duration of exposure to ovarian hormones seems closely related to breast cancer risk, which seems to indicate that not only vulnerable periods are important but also the accumulated time the breasts have been exposed to fluctuating hormone levels.
The hormonal and reproductive factors that have often been related to the risk of breast cancer can be viewed as indicators of certain biological phenomena. Ovarian hormone concentrations are highest during the luteal phase of the menstrual cycle. Women with irregular cycles as well as those with anovulatory cycles spent relatively less of their reproductive years in the luteal phase; thus, they are expected to have a lower risk of breast cancer (18) . There is currently no clear evidence of the effect of menstrual irregularity on breast cancer risk, and studies show inconclusive results (21) (22) (23) , with our and other studies showing no association between irregularity and breast cancer risk (5, (24) (25) (26) (27) .
In summary, the results of this long term prospective study in 6,031 women supports the view that a longer life time exposure to ovulatory hormonal cycles raises the risk of breast cancer. These findings emphasize the relevance of reproductive characteristics in reducing or increasing breast cancer risk and suggest an approach to estimate the full hormonal exposure.
Appendix A This is a simple example of a woman with an age at menarche of 12 years, one miscarriage at 23, an age at FFTP of 25, and two children who she breast-feed 10 and 7 weeks. This participant also reported to have regular periods since her menarche with cycles every 30 days, OC use during 5 years starting at age 29, and having menopause at age 51. Her number of menstrual cycles until her FFTP is 147 and the number of menstrual cycles during her lifetime is 452.8.
Number of cycles until FFTP: 25 years at FFTP À 12 years at menarche = 13 years.
13 years Â 52.178 weeks in 1 year = 678.314 weeks in 13 years À (12 weeks miscarriage at 23) À (36 weeks first pregnancy) = 630.31 weeks = 4,861.92 days. 4,412.198 days / 30 = 147.07 cycles (30-day duration). Lifetime number of menstrual cycles: 51 years at menopause À 12 years at menarche = 39 (À5 years OC use = 34); 34 years Â 52.178 weeks in 1 year = 1,774.071 weeks in 34 years À (12 weeks of miscarriage) À (36 Â 2 weeks of two pregnancies) À (17 weeks total breast-feeding) À (6 Â 2 weeks absence of cycles after lactation) = 1,661.071 weeks = 11,627.5 days. *Adjusted for age at enrollment, mother or sister with breast cancer (y/n), BMI, more than 1 year of irregular years (y/n), hormone replacement therapy ever (y/n). cAdjusted for age at enrollment, mother or sister with breast cancer (y/n), BMI, more than 1 year of irregular years (y/n), hormone replacement therapy ever (y/n), ever married (y/n), infertility consult ever (y/n), and educational level. bReference category.
x The irregular category was not included when testing for trend. 
